Heparin induces alpha-smooth muscle actin expression in cultured fibroblasts and in granulation tissue myofibroblasts.
Heparin increases alpha-smooth muscle actin expression in smooth muscle cells in vivo and in vitro. It has been recently suggested that alpha-smooth muscle actin expression in fibroblasts is a marker of myofibroblastic differentiation. We have examined the effect of heparin and of four nonanticoagulant heparin derivatives on alpha-smooth muscle actin expression by fibroblasts in vitro and in vivo. For in vitro experiments, heparin was added for 7 days to different fibroblastic cultures. We studied cell proliferation and alpha-smooth muscle actin protein and mRNA expression. For in vivo studies, osmotic minipumps filled with NaCl or tumor necrosis factor-alpha without or with nonanticoagulant heparin were implanted subcutaneously. After 14 days, newly accumulated connective tissues around the pumps were processed for immunofluorescence and electron microscopic and biochemical studies. In vitro, heparin inhibited proliferation and increased the expression of alpha-smooth muscle actin protein and mRNA. Analysis of [3H]thymidine incorporation in synchronized cells suggested that heparin produces a selection of alpha-smooth muscle actin expressing cells. In vivo, the local application of tumor necrosis factor-alpha resulted in formation of a typical granulation tissue: immunofluorescence showed that accumulated fibroblastic cells express alpha-smooth muscle actin only in the presence of heparin derivatives. In tumor necrosis factor-alpha treated animals, electron microscopic examination established the presence of myofibroblasts, but alpha-smooth muscle actin was expressed in microfilament bundles only in the presence of heparin derivatives. These results show that heparin and its nonanticoagulant derivatives influence the expression of alpha-smooth muscle actin in fibroblastic cells both in vitro and in vivo and that this effect is probably related to the selection of a particular cell subpopulation. They suggest a possible role for heparin during the formation and evolution of granulation tissue.